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INTRODUCTION 
Carbohydrate metabolism in fruit has not been studied 
extensively* Hulme (1) found that the percentage of starch 
in the apple fruit increased to a maximum during develop¬ 
ment on the tree and then decreased until at harvest very 
little starch was present* Some growers use this starch 
disappeal"ance as a guide to the optimal time of harvesting 
apples* 
The reason why starch disappears at maturation of the 
fruit is not clear as yet* The starch content is a-function 
of the rate of starch synthesis and degradation. Since 
starch disappears from the maturing applet it would be 
assumed that the equilibrium between synthesis and break¬ 
down is rapidly shifting in the direction of breakdown. 
Decreasing starch synthesis in the maturing apple may be 
another explanation for the starch content decreasing* 
There is essentially no information available on the 
enzymes involved in starch metabolism in apples. This in¬ 
vestigation constitutes one phase of a study of factors in¬ 
volved in starch metabolism in apples and its role in the 
development of the fruit* 
LITERATURE REVIEW 
I. Starch Metabolism in Apple Fruit 
In many fruits ripening is associated with a rapid in¬ 
crease in i-espiration. This sudden upsurge, called the 
"Climateric Rise” in respiration, is often regarded as a 
turning point in the life of the fruit when development and 
maturation are complete and before senescence and deterio¬ 
ration have begun,, Carbohydrates, which might be expected 
to provide the main source of energy for respiration, do 
show marked changes in maturing apples® Hulme (1) found 
that the.percentage of starch in apple fruit increased to 
a maximum (the percentage on a fresh weight basis) during 
development on the tree, and then decreased until at harvest 
very little starch was present. Fidler (2) concluded that 
production of carbon dioxide by apples could be accounted 
for by the combined loss of carbohydrates and acid. 
Starch is deposited in the apple fruit very early in 
its development on the tree. Sugars presumably are trans- 
ported for the most part from the leaves (only a small 
amount of sugars being formed in the fruits) and starch is 
formed in the fruits. Webb and Burley (3), using radio- 
tracer techniques, found that sorbitol and sucrose are the 
major carbohydrates transported between the apple leaves 
and fruit. Starch deposition begins in the cell layers 
near the skin and proceeds toward the core. As the fruits 
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mature on the tree and starch begins to hydrolyze into sugars, 
the starch disappears first from the core areas and lastly 
from the areas just under the skin (4). 
The degradation of starch is usually considered to be 
mediated by a group of enzymes which includes the amylases, 
phosphorylases and various glucosidases. Amylases are ap¬ 
parently one of the most widespread as well as most important 
starch hydrolyzing enzymes of plants and are considered to 
exist in practically all living green tissues and in many 
storage organs* Little published data are available on the 
amylase content of apples, except the work done by Harley 
et aJL. (5). Amylase activity has been found in pear, but 
amylase itself was not isolated from the material in a pure 
form (6). The nature of apple tissue (its highly acid sap 
and the presence of tannins) makes it a difficult subject 
for the isolation of any protein material in a native form 
(7)* 
II. Starch Structure in Plant Tissue 
The carbohydrate units which the plant utilizes in 
respiration and in the building of tissues are manufactured 
in the green parts of the plant (mainly in the leaf) and are 
translocated (in the phloem) in a low molecular weight, 
soluble form from the photosynthesizing centers to all the 
cells of the plant. Some of this material is utilized 
locally; the rest is conveyed to storage organs, e.g., seeds. 
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roots and tubers, where it is "immobilized" by conversion 
into reserve carbohydrate in the leucoplasts of the storage 
tissue. Starch is by far the most abundant of these reserve 
carbohydrates. It is deposited in a granular form insoluble 
in water and consequently does not influence the osmotic 
pressure of the cell. As starch granules are products of 
living particles (amyloplasts) , these plasticfs must have a 
characteristic structure (8). At the same time, growth and 
development of starch granules are subject to the physio¬ 
logical condition of the cell in which they are formed. As 
alwaysf there is interaction between genetics and environ¬ 
ment (9). Therefore, the size and shape of a starch granule 
is characteristic of the source. These granular or crystal¬ 
line bodies may vary in size from 3 to 100 )i in diarreter. 
Although the general structure of the starch components 
is now well established, little is known of the fine structure 
of the starch granule, and investigations by physical, chemi¬ 
cal and biological methods have, in some instances, yielded 
conflicting results. Microscopically, the granules consist 
of a series of concentric layers arranged around the hilum 
(the hilum is the point of intersection of two or more 
creases) and, from birefringence and X-ray diffraction studies, 
parts of the granule are known to be crystalline (10). Accor¬ 
ding to Meyer (11), the layers contain radially arranged, 
needle-like crystallites which are formed from the align¬ 
ment of the outer chains of several amylopectin molecules 
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or from mixtures of amylopectin and amylose of high molec¬ 
ular weight. 
The hydrolysis of starch by mild acid and by hydro¬ 
lytic enzymes yields large amounts of glucose and maltose. 
This suggests that the basic structural architecture is a 
glucose polymer, as has been supported by elementary analy¬ 
sis giving the formula C5H10O5. The complicated structure 
of the starch molecule was shown by the discovery of the 
heterogeneous fractions, amylose and amylopectin, in maize 
starch by Meyer and his associates (12), They demonstrated 
the presence of these two chemically, physically and enzy- 
mically distinguishable molecules in starch. Recent develop¬ 
ments siich as paper chromatography. have made possible the 
fractionation of the hydrolysis and degradation products of 
starch (13) (14). The following three techniques are par¬ 
ticularly used: 1) exhaustive methylation and subsequent 
hydrolysis (15); 2) periodate oxidation to determine the 
terminal groups of the-molecules (16) (17);~and 3) enzymic 
hydrolysis to provide information which supplements and ex¬ 
tends that obtained by chemical methods (18)* 
It is now generally accepted that starch is a mixture 
of two polysaccharides. Amylopectin, the major component, 
which amounts to 75-85% in most starches, is a multi—branched 
polysaccharide of high molecular weight (approximately 3.0^') 
(19) and consists of chains of (1-^4) linked cf-D-glucose 
residues. The chains normally contain an average of about 
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20-25 D-glucose residues and are linked to form a ramified 
or bush-like structure by means of C^-D-(1~£6) glucosidic 
linkages. Amylose, the minor component of starch, is an es¬ 
sentially linear polymer built up fi'om several thousand 
(1—^4) linked 0^-D-glucose residues* However, amylose may be 
absent from waxy cereal starches, whilst the amylose content 
of certain corn and pea starches may be as high as 15% (20). 
There is evidence that some starches contain a small pro¬ 
portion of a third polysaccharide. In potato and rubber- 
seed starches (21), this material is a short-chain amylo- 
pectin (average chain length 13 to 16 D-glucose residues) 
and not, as might be expected, a polysaccharide that is inter¬ 
mediate in structure between amylose and amylopectin. 
The oj-linked glucose units in starch do not exist as 
extended linear chains, but as winding spirals (22). All 
glucose units in amylose are joined in boat form (23). The 
interior of the helix has a "hydrocarbon ring" due to the 
"inward pointing" hydrogen atoms of the glucose units. The 
stain given with iodine and amylose-organic compound com¬ 
plex was attributed to this ring* The colour of the iodine 
complex is dependent on the average length of uninterrupted 
spirals. In the short branches of ramified molecules 
spirals are less well developed and as a result they show 
only a weak affinity for iodine (24). 
Starch grains often contain minor constituents which 
may profoundly influence physical behavior such as phosphates 
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(25), fatty acids (26), proteins (27), lipids (28), and nucleo¬ 
tides (29), The hydrogen bond is probably the intermolecular 
force which determines the mode occurrence and is responsible 
for the specific properties of these natural materials (24). 
Granular starch in general is degraded only slowly by en¬ 
zymes (30). 
III. The Enzymes Responsible for the Degradation of Starch 
in Plants 
Table 1 shows the starch-metabolizing enzymes whose 
properties and action will be dealt with in the following 
review. 
(A) Hydrolysis of 1—H Linkages 
(1) Amylase 
There are three main types of amylases. 
(a) o{-amylase (endo-amylase) 
o(-amylase is present in many plants, typically in 
germinating cereals, and in molds and bacteria. It was 
crystallized from germinating barley endosperm (32) and 
from several microorganisms. The (/(-amylases, differing 
markedly from the j3-amylases, are calcium metallo-proteins 
and not sulfhydryl enzymes. The products of enzyme action, 
which is random rather than stepwise, have an o’-D-conf igu- 
ration, but their exact identity depends upon the enzyme 
source (33). The various ^-amylases contain, per mole, at 
least one gram-atom of firmly bound calcium, which is re¬ 
quired both for enzyme activity (34) and to prevent 
TABLE 1 
STARCH-METABOLIZING ENZYMES (31) 
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Enzyme Occurrence 
Function Type 
of Action 
(a) (b) 
Action on 
Polysaccharide 
C<-Amylase Plant, Animal, 
Bactei"ia D(l~*>4) H,r -f 
2t -Enzyme Plant D(1~M) H,r + 
p-Amylase Higher Plant D(l—>4) H,s + 
Maltase Plant, Animal 
Yeast D(l~>4) H 
Glucamylase) 
Amylogluco-) * 
sidase ) 
Molds, 
Bacteria D(1~>4$C) H,s + 
P-Enzyme Plant D&S (l->4) T , s + 
Phosphorylase Animal D&S(144) T, s + 
Starch- 
UDPglucosyl Plant S(l—>4) T ,s + 
Transferase 
Glycogen- 
UDPglucosyl 
Transferase Animal s(i-M) T, s *1- 
D-Enzyme Plant S&DCl-M) T 
R-Enzyme Plant D(l->6) H + 
Amylo-1,6- 
glucosidase Animal D{1—>6) H + 
Isoamylase Yeast D(1 —>5) H + 
Oligo-1,6- 
glucosidase Animal D(1~->S) H - 
Limit 
Dextrinase Plant D (1—>S ) H — 
Q-Enzyme Plant S(1~>S) T + 
Branching 
Enzyme Animal, Yeast S(l—>6) T + 
T-Enzyme Plant S (1—>6 ) T - 
Trans- 0*- 
glucosylase Mold S(1—>6) T - 
(a) D, degradation; S, synthesis; type of o^-D-glucosidie shoen 
in bracket* 
(b) H, hydrolytic enzyme; r, random action; s, stepwise action; 
T, transglucosylase. 
(c) Some preparations also hydrolyze (1—>6) inter-chain linkages. 
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destruction of the amylases by proteolytic enzymes and chemi¬ 
cal denaturation (35). Bacillus subtills t\-amylase is un¬ 
usual in that it also contains small proportions of zinc and 
exists as a dimer which is crosslinked by a zinc atom (36). 
Removal of the zinc does not inactivate the enzyme. 
The action patterns of the ot-amylases have been studied 
intensively during the past twenty years, but, since the 
various workers have used different substrates, enzymes of 
various activities and degrees of purity, incubation periods 
ranging from hours to months and widely differing methods 
of analysis, it is not surprising that a great deal of con¬ 
tradictory information has been accumulated. 
(i) Action on Linear Substrates 
The (?f-amylases catalyze an essentially random hydroly¬ 
sis of non-terminal (1—^4) D-glucosidic linkage in amylose. 
Although the action pattern of the enzyme varies from one 
source to another, there is, generally speaking, a diphasic 
character to the ol~araylo lysis of the starch molecule. An 
initial phase consists in the liberation of a large amount 
of oligosaccharides (dextrin). In the second phase, the 
formation of a large amount of maltose plus a small amount 
of glucose and maltotriose occurs. The formation of the 
latter compounds is at the expense of the former dextrin 
molecules. The concurrent change in iodine reaction during 
the course of ol-amylolysis of amylose is in accord with the 
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pattern of such structural change (37). There is a rapid 
change in iodine color from blue to purple which is due to 
the formation of shorter straight-chain dextrin molecules. 
On further breakdown the iodine color progresses from purple 
to red and brown and finally disappears. 
(ii) Action on Branched Substrates 
The action of Ov-amylases on amylopectin, like that in 
amylose, can be considered in two stages (38). In the first 
stage, maltose (42%), maltotriose (28%), and a series of 
oligosaccharides are produced from amylopectin. The nature 
of these oligosaccharides, which contain one or more (1—>6)-C^ 
"^-glucosidic linkage, depends on the enzyme source. During 
the first stages of hydrolysis, oligosaccharides with side 
chains of two or three D-glucose residues may be produced; 
during subsequent hydrolysis maltose is liberated from the 
three-unit, side chains in the same way that maltotriose is 
hydrolyzed to maltose and D-glucose. From the structures of 
the smallest oligosaccharides produced at the second stage of 
amylolysis, it is evident that certain (l->4) linkages 
adjacent to the inter-chain linkage are resistant to attack 
by the'enzyme (31). 
(iii) Mechanism of Action 
Little information is at present available regarding the 
mechanism of action. o{-amylase action resembles that of 
jS-amylase in that the C-1-0 bond is hydrolyzed (39) (40). 
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(b) (^-amylase (exo-amylase) 
The p-amylases appear to be peculiar to the plant world 
and to play no part in animal metabolism. This class of 
enzymes, which yields maltose as the initial product, has 
been crystallized from barley, wheat, sweet potato/ and soya 
bean extracts (41). The properties of these enzymes are 
generally similar (for example, sulfhydryl groups are es¬ 
sential for activity), but are not identical (for example, 
the pH optimum varies between 4 and 6) (31). The action 
patterns of the various p-araylases appear to be identical. 
(i) Action on Linear Substrates 
Maltosaccharides are completely degraded from the non¬ 
reducing end by p-amylase, maltose being the sole product 
from substrates containing an even number of D~glucose 
residues (42). With low concentration of enzyme, malto- 
pentose yields equimolar amounts of maltose and maltotriose, 
but, with higher concentration of enzyme, the latter sub¬ 
strate is hydrolyzed to maltose and D-glucose (41). 
p-araylolysis is arrested by non-terminal phosphate 
groups in the polysaccharide substrate (25). Modification 
of the reducing end-group of a maltosaccharide (for example, 
methyl c/v-D-maltotetraoside and maltoheptonic acid) does not 
prevent amylolysis (41). 
Studies on the ^-amylolysis of amylose have yielded con¬ 
flicting results. This arises from the fact that a) many 
amorphous (^-amylase preparations contained a second 
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(undetected) amylolytic enzyme (2-enzyme) (43) and b) prepa¬ 
ration of amylose under aerobic conditions caused modification 
and the introduction of barriers to enzyme action* Amylose 
prepared by fractionation of starch with thymol under anaero¬ 
bic conditions apparently contains a small number of anoma¬ 
lous structures, since, with purified p-amylase, only 70-80% 
degradation occurs (44). 
Incubation of (^-amylase containing Z-enzyme with amylose 
prepared under either aerobic or anaerobic conditions results 
in complete conversion into maltose (44). It was originally 
suggested that Z-enzyme specifically hydro3.yzed the barrier 
to p-amylolysis, for example, by a debranching action 
(45) (46). However, more recent studies have suggested that 
Z-enzyme activity may be caused by a minute trace of 
C^-amylase impurity and involves the random hydrolysis of one 
or two (1—£4) t^-D-glucosidic linkages, thus facilitating 
further p-amylolysis (47). Z-enzyme, in high concentration, 
will also slowly degrade arnylopectin. Like other (^-amylases, 
Z-enzyme is stabilized by calcium ions and partly inhibited 
by (ethylenedinitro) tetraacetic acid and mercuric chloride, 
and its presence in p-amylase preparations can be revealed 
after selective inhibition of the latter with p-(chloromer- 
curi) benzoate (48). 
The mechanism of the p-araylolysis of amylose has been 
the subject of some controversy. Several workers (49) (50) 
have obtained evidence for a single-chain mechanism wherein 
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one amylose molecule is completely degraded before a second 
molecule of substrate is attacked. On the basis of kinetic 
studies employing iodine and other measurements, Hopkins and 
his coworkers (51) (52) have proxoosed a multi-chain mechanism 
in which the enzyme attacks chains of all lengths at random 
and removes only one maltose residue on each collision. A 
third mechanism, proposed by French (53) (54), involves 
multiple attack, in which the enzyme remains associated with 
a given substrate molecule long enough to remove several 
maltose residues before attacking another amylose molecule. 
The multiple-attack mechanism is, in fact, intermediate be¬ 
tween the single-chain and multi-chain patterns. 
(ii) Action on Branched Substrates 
Since f^-amylase is unable to hydrolyze or bypass the 
inter-chain linkages in amylopectin or glycogen, its action 
is incomplete (about 50-60% or 40-50%, respectively) and 
the extent of degradation is determined by the relative 
length of the exterior chains. It is probable that, during 
P~amylolysis, all polysaccharide molecules are degraded to 
the same extent, and that, in contrast to phosphorolysis, no 
preferential degradation of molecules of high molecular 
weight occurs (55). 
(iii) Mechanism of (3-amylase Action 
From a study of the P-amylolysis of starch (39), it was 
shown that the enzyme splits the C-1-0 bond rather than the 
O-C-4 bond. The simplest mechanism is a single-displacement 
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reaction in which the water molecule attacks the potentially 
aldehydic carbon atom from the back side, causing an inversion 
of configuration at C~1 and thus yielding /^-maltose (56). 
(c) D-Glucose-producing Amylase 
The production of amylolytic enzymes by molds has been 
known for many years. The molds produce several enzymes, 
•including ©[-amylase and a second amylolytic enzyme, usually 
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referred to as "saccharogenic amylase," a term also applied 
to ^-amylase. The mold amylases are quite distinct from the 
latter, since they attack chains of (1—^4) linked 0t-D~glucose 
residues from the non-reducing end and, in stepwise fashion, 
liberate D-glucose as the initial product. Furthermore, 
some of the mold enzymes can either hydrolyze or bypass 
inter-chain linkages, so that the extent of degradation is 
greater than that in p-amylolysis. 
Okazaki (57) has suggested the following classification 
of D-glucose-producing amylases: 
Group I. Amylases readily hydrolyzing both (1—>4) and 
(1—^6) linkages, so that both starch and such oligo¬ 
saccharides as panose are completely converted into 
D-glucose; for example, giucamylase from Rhizopus 
delemar (58) (59) (60). 
Group II. D-glucose-producing amylases showing weak ac¬ 
tivity toward inter-chain linkages, so that the action 
on starch is only about 70-80% complete; for example, 
amyloglucosidase from Aspergillus niger (61) (62). 
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Group III. The above amylases hydrolyze both starch and 
maltose in contrast to ]f-amylase from Aspergillus 
awamori (63), which has no maltase activity but liber¬ 
ates D-glucose from starch. The properties of V-amylase 
are unusual in this respect: starch is partly converted 
(about 74°4) into a mixture of D-glucose and maltose (in 
the molar ratio of 6 to 1) and a residual dextrin which 
is stained blue by iodine. 
(2) P-Enzyme (Phosphorylase) 
(i) Action on Amylose 
The degradation of most samples of amylose by P-enzyme 
in the presence of inorganic phosphate (phosphorolysis) is 
» 
incomplete, the conversion into g'^-D-glucosyl phosphate being 
about 10% (64) (46). The situation is similar to p-amylolysis, 
since enzyme action is arrested by anomalous structures in 
the amylose. 
(ii) Action on Amylopectin and Glycogen 
P-enzyme readily degrades the exterior chains of amylo¬ 
pectin, with the formation of 30-60/4 of o(-D~glucosyl phos¬ 
phate. Its action on glycogen is slow and incomplete (65). 
Arsenate can act as an acceptor with P-enzyme, but D-glucose 
is the product. It is believed that ci-D-glucosy 1 arsenate is 
formed initially, and that this is unstable and decomposes 
(66). 
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(3) ^i-Glucosidase (Maltase) 
Maltase is widely distributed in plants; very often it 
is found in association with the amylases. The natural sub¬ 
strate of maltase is the disaccharide, maltose* However, 
besides maltose, soluble starch has recently been reported 
to be a suitable substrate for the enzyme (67). Glucose 
was the sole product from both maltose and the starch. Mal¬ 
tose preparations are relatively vinstable; on contact with 
weak acids or alkali maltase soon loses its activity (68). 
(b) Hydrolysis of l-y>6 Linkages 
Several different carbohydrases which degi'ade ^~D-(1—6) 
glucosidic inter-chain linkages (that is, “debranchingM 
enzymes) are known, but the susceptibility or nonsuscepti¬ 
bility of an inter-chain linkage to enzymic hydrolysis de¬ 
pends upon its exact location in the substrate molecule, and, 
in particular1, on the length of the adjacent chains. There 
appear to be two classes of debranching enzymes, namely i) 
those (e.g., R-enzyme, amylo-1,6-glucosidase and isoamylase) 
which act only on polysaccharides and ii) others (e.g., limit 
dextrinase and oligo-1,6-glucosidase) which have no action on 
polysaccharides but readily hydrolyze fc^-D-(1*^6)-glucosidic 
linkages in o\-dextrins of low molecular weight. 
(1) R-Enzyme (Pullulanase) 
R-enzyme, which catalyzes the scission of branch links 
in amylopectin, has been isolated from the potato and the 
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broad bean as a stable amorphous powder (69) (70). It neither 
makes nor breaks chain-forming (l->4) links and has no action 
on amylose or on the linear dextrins related to amylose. The 
action of R-enzyme on amylopectin and p-limit dextrin is 
characterized by marked increases in intensity of iodine stain, 
reducing power and degree of p-amylolysis. Inter-chain link¬ 
ages in the interior of amylopectin are not hydrolyzed by 
R-enzyme, presumably for steric reasons, and amylopectin 
R-dextrin has a /^-amylolysis limit of only 10% (71). 
(2) Isoaraylase 
This enzyme, formerly called amylosynthetase, is ob¬ 
tained from yeast and plant sources.- The characteristics of 
its action on amylopectin are very similar to those of R- 
enzyme. The degradative function of isoamylase was first 
noted by Maruo and Kobayashi (72), who showed that gluti¬ 
nous rice-starch is converted into a polysaccharide of lower 
molecular weight and higher /^-amylolysis limit. Isoamylase 
is now known to hydrolyze inter-chain linkage in both glyco¬ 
gen and amylopectin, although this action is confined to the 
»4 
outermost linkages and leaves the interior (1-^6) linkage 
intact (73). 
(3) Limit Dextrinase 
Enzymes showing hydrolytic action toward the (1-^6) 
linkages in the oU*dextrins from amylopectin occur in many 
plants, including various yeasts, molds, and rice. Many limit 
dextrinase preparations show panase and isomaltase activities. 
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The limit dextrinase of Aspergillus oryzae has been crystal¬ 
lized (74) but little is known of the nature of its action 
or, indeed, of the action of any of the dextrinases from 
whatever source* It is not known whether or not they hydro¬ 
lyze t\-(l~M) linkage. 
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EXPERIMENTAL METHODS AND MATERIALS 
I* .Plant Materials 
Richared Delicious apples grown in the University of 
Massachusetts orchard and harvested during October were used 
for all experiments. 
II. Preparation of Apple Powders 
Peeled and cored apple pulp (125 g) was ground for one 
minute in a Waring blendor at full speed in 500 ml of chilled 
95% ethanol saturated with sodium acetate. The slurry was 
filtered on a Buchner funnel through Whatman No. 1 paper, 
using suction, and then a total of four grindings was re¬ 
suspended in 2 liters of 95% ethanol. This resuspension 
was blended a second time for one minute, filtered, and 
then the residue was resuspended in acetone (at.-15°C) 
(4 grinds in 2 liters). This resuspension was blended thirty 
seconds, filtered, and resuspended in 2 liters of acetone 
and filtered. The dehydrated apple powder was spread on 
Whatman No. 1 paper to dry at room temperature (25°C) for 
four hours. The apple powder when dry was sifted and stored 
in cans at -15°C. 
All reagents mentioned above were kept at -15°C to -20°C. 
However, in many instances the temperature of the homogenized 
slurry rose to +2°C to +3°C without any apparent deleterious 
effect. 
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III. Preparation of Enzyme 
When not otherwise stated, all operations were carried 
out at 4°C. 
Step I. Extraction of Apple Powder 
The apple powder was extracted with distilled 1^0 
(lg/50ml) containing 40 mg of glutathione per 2000 ml (re¬ 
duced form. Sigma Chemical Company) for one hour. Stirring 
occasionally was necessary to make the extract homogeneous. 
The apple extract was strained through four double layers 
of cheesecloth. 
Step II. Addition of CaCl2 
To the turbid extract, 0.1 M,CaCl2 (5ml/l00ml extract) 
was added and then the solution was stirred for ten minutes. 
The precipitate which formed was- removed by centrifugation 
at 16,300 xg (GSA head, Sorvall Superspeed RC-2 centrifuge) 
for fifteen minutes. The supernatant fluid was retained. 
Step III. First Acetone Precipitation 
An equal volume of cold acetone (-15°C) was slowly added 
to the apple extract with stirring. The solution was chilled 
by immersing the container in a salt-ice bath (-20°C to -15°C). 
The temperature of the apple extract was initially about 4°C 
and as the acetone was added the temperature dropped to -10°C. 
Stirring was continued for fifteen minutes after the addition 
of the acetone. The aqueous-acetone solution was stored over¬ 
night at -15°C. 
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Step IV. Dialysis 
The insoluble material which formed in the aqueous-acetone 
solution was collected by centrifugation at 16,300 x g (GSA 
head) for ten minutes. The precipitated material was sus¬ 
pended in 0.2 M sodium acetate, pH 5.0, and recentrifuged at 
37,000 x g (SS-34 rotor) for ten minutes. The precipitate 
was discarded and the clear supernatant liquid was decanted 
into a dialysis tube. This preparation was dialyzed for one 
day against 2 liters of 0.2 M sodium acetate, pH 5.0, con¬ 
taining 200 mg of glutathione (reduced form). The buffer 
solution was changed three times. 
Step V. Acidification 
The pH of the dialyzed extract was adjusted to 3.0 by 
the addition of 0.5 N HG1, held at this pH for thirty minutes 
in the initial experiments and for ten minutes in later ex¬ 
periments, and then re-adjusted to 5.0 with 0.5 N NaOH. This 
acidification and neutralization was done at 0°C. This 
acidified fraction is referred to as Fraction II in this study. 
Step VI. Second Acetone Precipitation 
The acidified fraction was placed in a container in a 
salt-ice bath at -15°C and 4 volumes of cold (-15°C) acetone 
were slowly added with stirring. The final temperature of 
the aqueous-acetone solution was -15°C. The solution was 
again stored overnight at -15°C and then insoluble mate?ial 
which formed upon standing was collectea by centrifugation at 
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37,000 x g (SS-34 rotor) for ten minutes. The supernatant 
fluid was discarded and the precipitate suspended in 0.2 M 
sodium acetate, pH 5.0. 
IV. Preparation of Substrate 
(A) Preparation of Potato Starch 
Potatoes were peeled, ground in 0.01 M HgCl in a Waring 
blendor and the starch crystals collected by repeated sedi¬ 
mentation in ‘0.1 M NaCl. The starch suspension was extracted 
with toluene and stored in the refrigerator under toluene 
at 2°C. 
Before fractionation, the starch granules were refluxed 
with boiling 80% aqueous methanol for one hour to remove 
fatty contaminants. 
(B) Preparation of Amylose 
Ten g of potato starch were dispersed in 2 liters of 
boiling. H2O (to form 0.5%, W/V, solution) under N2 with 
vigorous stirring for one hour. After cooling to 60°C, 
lg/liter of thymol (Mallinckrodt Chern. Works) was added. 
The amylo-thymol complex, formed on standing at room temper¬ 
ature for 48 hours, was centrifuged at 37,000 x g for ten 
minutes. The butan-l-ol complex was collected by repeated 
addition of butan-l-ol to the araylo-thymol complex. The 
butan-l-ol~amylose complex was stored in the refrigerator 
under toluene. 
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The amylose complex was dehydrated by repeated stirring 
with anhydrous butan-l-ol, dried in vacuo at 80°C and weighed 
directly. The amylose was dissolved in 1^0 for assay of 
amylolytic activities. 
(C) Preparation of Amylopectin and p-Limit Dextrin 
(1) Preparation of Amylopectin 
The supernatant fluid containing the amylopectin 
fraction, after the removal of the araylo-thymol complex from 
the starch solution, was treated with an equal volume of 
methanol and refrigerated for 24 hours. The methanol-starch 
solution was centrifuged for fifteen minutes at 37,000 x g 
and the precipitate resuspended in a minimal volume of 0.1 N 
NaCl. The solution was heated to 40°C approximately for six 
hours to dissolve the precipitate. To remove traces of 
thymol and methanol, the starch solution was extracted with 
ether. * 
(2) Preparation of |®“Limit Dextrin 
The amylopectin solution was adjusted to pH 4.8 by the 
addition of 0.5 N HC1 and then 50 ml 0.2 M sodium acetate, 
pH 4.8, were added. The amylopectin solution was incubated 
with 20 mg of commercial p~amylase (Barley, Mann Research 
Lab., Inc.) for two days at 30°C until there was no significant 
further production of reducing sugars (as measured by Nelson's 
method) (75). The solution (containing ^-amylase, ^-limit 
dextrin and monosaccharides) was boiled under N2 ten 
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minutes and then centrifuged to remove any precipitate. The 
P-lirait dextrin solution was dialyzed against distilled water 
two days at room temperature to remove small, dialyzable com¬ 
pounds (e.g., mono- and di-saccharides). The p-limit dextrin 
solution was concentrated by heating under N2 and stored at 
room temperature under toluene. 
V. Enzyme Assay 
(A) Definition of a Unit of Enzyme Activity 
A unit of enzyme activity is defined here as that 
amount of enzyme which produces reducing power equivalent to 
100 yg of glucose from amylose or ^-limit dextrin upon incu¬ 
bation for one hour at 30°C. 
(B) . Reaction Mixture 
(1) Fraction I and Fraction II 
i 
(i) For the hydrolysis of amylose: 
The standard enzyme assay mixture con¬ 
tained 0.4 ml of enzyme, 0.7 ml (2.8 mg/ml) 
of amylose, 2.9 ml 0.2 M sodium acetate, 
pH 5.0, in a final volume of 4.0 ml. 
(ii) For the hydrolysis of p-limit dextrin: 
The standard enzyme assay mixture contained 
0.4 ml of enzyme 0.7 ml (3.0 mg/ml) of 
^-limit dextrin, 2.9 ml of 0.2 M sodium 
acetate, pH 5.6, in a final volume of 4.0 
ml 
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(2) Fraction III 
(i) For the hydrolysis of amylose: 
The standard enzyme assay mixture contained 
25 pi of enzyme, 0,7 ml (2.8 mg/ml) of 
amylose, 3.3 ml of 0.2 M sodium acetate, 
pH 5.0, in a final volume of 4.0 ml. 
(ii) For the hydrolysis of p-limit dextrin: 
The standard enzyme assay mixture contained 
25 pi of enzyme, 0.7 ml of p-limit dextrin 
(3.0 mg/ml), 3.3 ml of 0.2 M sodium acetate, 
pH 5.6, in a final volume of 4.0 ml. 
(3) Procedure for Determining Reducing Power 
A 0.5 ml aliquot of reaction mixture was removed for 
determining reducing power by means of Nelson's method (75). 
All pipettes in these experiments were plugged with 
cotton wool at the top to prevent contamination by human 
saliva. 
VI. Gel Filtration Chromatography 
Sephadex G-200 was purchased from Pharmacia Fine Chemi¬ 
cal Company. The gels were allowed to swell completely 
before packing the columns. The size of the columns was 
1x45 cm. The flow rate was adjusted to 1.8 ml per twenty 
minutes. The column was equilibrated with 0.2 M sodium 
acetate, pH 5.0, containing 5x10"^ m glutathione. Void 
volume, V , was determined by using 2.0 ml of 0.2% "Blue 
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Dextran 2000." All procedures were carried out at 4°C. 
Elution profiles were determined by reading the absorbance 
at 280 rau as an estimate of protein content. Appropriate 
fractions were assayed by the standard procedures for enzy¬ 
matic activity toward p-limit dextrin and amylose. 
VI. Paper Chromatography of Sugars 
All sugar solutions were concentrated by means of 
heating in a hot water bath under a stream of nitrogen. 
Descending chromatography was carried out at room tem¬ 
perature on Whatman No. 1 paper using butanol:pyridine:water 
(6:4:3) (V/V) as solvent. 
Free sugars were detected by spraying the dried paper 
with 5% (W/V) AgNO^ containing an excess of NH^OH. Brown 
spots corresponding to the reducing sugars were developed 
by heating the sprayed paper in an oven at 85°C for ten 
minutes 
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RESULTS 
Both amylose and p-limit dextrin are substrates for 
carbohydrases. However, p-limit dextrin, which cannot be 
hydrolyzed by exo-amylases, e.g., p-amylase, can be used as 
a specific substrate for endo-amylase, Therefore, the 
hydrolysis of /^-limit dextrin provides some evidence regard¬ 
ing endo-amylases which may be present in an extract. In 
this study, both <\~ amylase and 
sumed to be the two main enzymes present in the apple 
extracts. 
The evidence presented in the following pages will show 
that this initial assumption was not-necessarily correct. 
The standard protocol followed in the preparation of the 
amylolytic enzymes is summarized in Table 2. In the present- 
experiments, all determinations of enzymic activity were 
based on the production of reducing power from the polysaccha¬ 
ride substrate. Since the crude extract contained a great 
quantity of endogenous reducing materials, it was impractical 
to determine enzymic activity prior to dialysis. Classic 
(*V-amylase has been found in apple fruit extracts in this 
laboratory. In order to inactivate ^(--amylase, and thus per¬ 
mit detection of ^-amylase, the pH of the extract was adjusted 
to 3.0 for ten minutes and then readjusted to 5.0. A highly 
concentrated enzyme preparation was required to run column 
chromatography, and therefore, in some experiments, the 
acidified extract was concentrated by acetone. 
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I* The Effect of Low pH Enzymic Activity 
The stability of (^'-amylase at a low pH in contrast to 
the lability of cn-amylase is one critical difference between 
these two enzymes (76) (77) (78)* Therefore, in order to 
inactivate C(-amylase and thus permit detection of acid-stable 
enzymes, the pH of the extract was adjusted to 3.0 by the 
addition of HC1 as described in Materials and Methods. After 
varying periods of time aliquots of the acidified extract 
were withdrawn, the pH was adjusted to 5.0 and the extract 
was assayed. The results of a typical experiment are pre¬ 
sented in Figure 1. Approximately 40% of the amylolytic 
activity was inactivated within five minutes at pH 3.0. 
There was- a further gradual loss of amylolytic activity 
during the next 25 minutes. Holding the extract at pH 3.0 
for an additional 19.5 hours had no effect on the activity 
toward amylose and caused only a slight reduction in activity 
toward f~-limit dextrin. 
This experiment by itself, then, indicates that apple 
fruit contains an acid-stable enzyme or enzyme complex 
capable of hydrolyzing jS-limit dextrin. The following ex¬ 
periments were directed at clarifying this point. 
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II. Determination of Substrate Saturation 
Substrate concentration is one of the most important 
factors which determine the velocity of enzyme reactions. 
It is necessary to saturate the enzyme in order to obtain 
reproducible and maximum enzyme activity. To determine the 
amount of substrate required for saturation, the enzyme 
preparation was incubated with increasing quantities of 
amylose and p-limit dextrin. The assay was carried out under 
standard conditions. The results of this experiment are 
presented in Figure 2. There were apparently some differences 
in the amount of amylose and P-limit dextrin required to satu¬ 
rate the enzyme. The maximum enzyme activity was found at 
1.8 mg amylose or 2.8 mg p-limit dextrin in the reaction 
mixture. These two concentrations of substrate were used 
throughout this study. 
* III. Time Course of the Enzyme Reaction 
The proportionality of product formation to incubation 
time was investigated. The assay was carried out under stan¬ 
dard conditions. The results shown in Figure 3 indicate that 
the hydrolysis of both amylose and P~limit dextrin, as 
measured by the increase in reducing power, is linear within 
experimental error for at least 100 minutes. 
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I 
TIME (minutes) 
Figure 3:Time course of polysaccharide hydrolysis 
by acidified extract. The incubation system and die 
assay were the same as those described in Experimental 
Methods and Materials, except that the incubation time 
varied as shown. Fraction III of enzyme preparation 
was used in this experiment. 
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IV* The Effect of pH on the Enzyme Activity 
The influence of pH upon enzyme activity was investi¬ 
gated over the pH range of 3.0 to 7.0. The assay was carried 
out under standard conditions. The results are shown in 
Figure 4. The optimal pH for the hydrolysis of amylose and 
p-limit dextrin was found to be approximately 5.0 and 5.6, 
respectively. 
V. The Effect of Temperature on Enzyme Activity 
The influence of temperature upon enzyme activity was 
investigated. Standard reaction mixtures were incubated for 
60 minutes at different temperatures between 20°C and 40°C. 
The amylolytic activity increased approximately three-fold 
with a 10°C increase in temperature between 20°C and 30°C 
(Figure 5). Above 30°C there was a slight reduction in 
amylolytic activity. On the basis of these results all sub¬ 
sequent experiments were conducted at 30°C. 
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VI. The Effect of Temperature on the Enzyme Stability 
Several of the preceding experiments indicated that more 
than one enzyme was present in Fraction III. Variation in 
enzyme stability at different temperatures could provide 
additional evidence for the presence of more than one enzyme 
in an extract. The enzyme in buffer (sodium acetate) was 
heated in a water bath to temperatures varying from 35°C to 
70°C for ten minutes. Following this heat treatment, the 
enzyme solution was cooled and the assays were canied oub 
under standard conditions. The results of this experiment 
are shown in Figure 6. The ability of the enzyme to hydro¬ 
lyze amylose decreased steadily in proportion to the increase 
in temperature. There was a difference in the stabilities 
of the enzymic activities toward amylose and p*-limit dextrin 
in the temperature range between 50°C and 55°C, although all 
hydrolytic activity was lost upon heating to 65 C. fne 
enzymic activity toward j^-limit dextrin was more stable in 
the temperature range between 55°C and 60 C than the enzymic 
activity toward amylose. Ca** ions may protect g^-amylase 
against inactivation at 70°C (79) (80). No protection was 
seen in the presence of 10~2M Ca++ at 70 C in this experi¬ 
ment. 
38 
o 
r-> 
in 
vo 
o 
VO 
LO 
in 
o 
in 
o 
in 
O') 
o 
ro 
U 
o 
<D 
M 
2 
-P 
o 
Q< 
B 
in 0 
^ Eh 
(%) A^tat^dv eAT^Pien 
F
ig
u
re
 
6
:I
n
a
c
ti
v
a
ti
o
n
 
o
f 
e
n
z
y
m
e
 
p
r
e
p
a
r
a
ti
o
n
s
 
b
y
 
te
m
p
e
r
a
tu
r
e
 
39 
VII. The Effect of Inhibitors on the Enzyme Reaction 
Inhibitors are frequently used to exclude or inhibit 
one or more enzymes from a presumed mixture of enzymes. Ca++ 
is a required metal ion for activity of classic ^-amylases. 
EDTA and CN~, chelating reagents, were added to reaction 
mixtures to inhibit cl^-amylase if it were present. Possible 
inhibitors of ^-amylase also were considered in this experi¬ 
ment in an effort to determine if this enzyme were present. 
Sulfhydryl groups are reported (81) functional in -amylase, 
and therefore p-Chloromercuribenzoate (pCMB) and iodoseben- 
zoate were tested for their effects on the amylolytic ac¬ 
tivity of the acidified preparation. 
(A) • Ethylenediamine-tetra-acetate (EDTA) Effect on Enzyme 
Activities: 
A given amount of enzyme as described in Experimental 
Materials and Methods was incubated with various concen¬ 
trations of EDTA. There was no significant inhibition due 
to EDTA at 5xlO“'^M and only a 10% to 35% inhibition at 10~^M 
EDTA (Figure 7). Furthermore, when the enzyme preparation 
was dialyzed against 10“3M EDTA for 24 hours there was no sig¬ 
nificant loss of enzymic activity. 
(B) KCN Effect on Enzyme Activities 
Cyanide may inhibit enzymes by several different mecha¬ 
nisms. It may act as a reducing agent to break essential di¬ 
sulfide links in the enzyme, it may chelate an essential 
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metal in the enzyme or it may combine with a carbonyl group 
in the enzyme (82). The enzyme preparation was incubated 
with CN“ in the present study and it was observed thsit high 
concentrations of CN~(10 M) completely inhibited the activ¬ 
ity. At low concentration (5xl0“5 to 5xlO“^M) the CN“ was 
apparently more effective in inhibiting the amylose- 
hydrolyzing activity than the p-limit dextrin-hydrolyzing 
% 
activity. (Figure 8). 
(C) lodosobenzoate Effect on Enzyme Activity 
The effect of iodosobenzoate was investigated. lodo¬ 
sobenzoate at 10“caused a 50% inhibition of the hydrolytic 
activity toward both substrates. No activity was found at 
10~ZM inhibitor. (Figure 9). 
(D) p-Chloromercuribenzoate (pCMB) Effect on Enzyme 
Activities 
Organic compounds of mercury form mercaptides with thiol 
groups. The most widely used of the mercury compounds is 
pCI’IB. However, in fairly high concentration the mercury com¬ 
pounds inhibit enzymes by reactions not involving -SH groups 
(83). In this experiment, pCMB inhibited both activities 
completely at 10“4M pCMB. Only 15% inhibition occurred at 
10-5M pCMB and no significant inhibition was seen at 10“6M 
\ 
pCMB or less. (Figure 10). 
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VIII. Gel Filtration with Sephadex G-200 
Sephadex is a three-dimensional polysaccharide network 
which acts as a molecular sieve. Thus it can be used to 
separate a mixture of compounds according to their molecular 
sizes. Because of the failures to obtain a clear-cut sepa¬ 
ration of the activities by the use of various methods (pH, 
temperature, and inhibitors), several attempts were made to 
resolve the activities employing Sephadex G-200 and DEAE- 
Cellulose. The results of a typical experiment with Sephadex 
G-200 are shown in Figure 11. Approximately 80% of the applied 
activity was recovered from the column; however, both activi¬ 
ties remained together. DEAE-Cellulose column chromatography, 
which is based on ion-exchange, also did not separate the 
activities and gave very poor recovery of the applied activity. 
IX. Identity of the Reaction Products 
The different carbohydrases yield different reaction 
products because of the nature of their hydrolytic attack on 
the polysaccharide substrate. Characterization of the re¬ 
action products is an essential phase in the study of the 
enzymes. In the present case the reaction products were 
determined using Fraction III enzyme. The enzyme was incu¬ 
bated with either amvlose, p-limit dextrin or maltose for 
varying time periods and an aliquot of the reaction mixture 
was chromatographed as described in Materials and Methods. 
The results of this experiment are shown in Figure 12. 
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Incubation of enzyme with either amylose or ^-limit dextrin 
for one hour resulted in the production of short-chain oligo¬ 
saccharides but no detectable glucose or maltose. However, 
after this one hour incubation the reaction mixture no longer 
contained polysaccharide of sufficient molecular size to give 
the typical iodine-starch color complex upon the addition of 
iodine to an aliquot of the reaction mixture. Longer incu¬ 
bations, 2 to 24 hours, resulted in the production of in¬ 
creasing quantities of glucose and maltose. (The streaking 
of the glucose and maltose is apparently due to a partial 
bonding of the sugars to the slowly-migrating polysaccharides: 
when glucose and maltose were added to amylose and limit 
dextrin 'in the absence of enzyme, and then an aliquot chroma¬ 
tographed, the sugars also streaked.) 
When the incubation was allowed to proceed for three days 
glucose was the sole detectable product from amylose, limit 
dextrin or maltose (Figure 13). However, if the enzyme was 
heated to 50°C for ten minutes prior to assay, then the 
reaction products from the same substrates were glucose and 
maltose after three days (Figure 14). 
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Glucose & Maltose Amylose P~Limit 
Dextrin 
Figure 13:Paper chromatography of sugars 
released from amylose, P~limit dextrin and maltose 
after 3 days incubation with enzyme preparation. 
Fraction III of enzyme preparation, 50 /Ul, and 0.2 M 
sodium acetate were incubated with 0.5 ml of amylose, 
/^-limit dextrin and maltose (1%, w/v), respeccively, 
A few drops of toluene were put 
mixture. 
over each reaction 
*,iy, ,^aitli&sMfei^aS3g,>Tsg ^.» 
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& 
Maltose 
Dextrin 
Figure 14:Paper chromatography of sugars 
released from amylose, /^-lirait dextrin and maltose 
after 3 days incubation with an enzyme preparation 
which had been heated to 50°C for 10 minutes. The 
methods were the same as for Figure 13, 
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X. The Effect of Enzyme on Starch Granules 
Both amylose and P-limit dextrin were used as substrates 
throughout this study* However, in vivo, starch occurs as 
crystalline granules rather than as amylose or amylopectin. 
The data presented in Table 3 show that the hydrolysis of 
native granular starch by the acidified extract was very slow 
as compared to amylose* 
TABLE 3 
HYDROLYSIS OF STARCH GRANULES AND AMYLOSE 
BY THE ACIDIFIED EXTRACT 
Time of Incubation 
(days) 
Glucose'equivalents (jig) 
Amylose Granular Starch 
1 
2 
4 
6 
7 
11 
17 
24 
86 
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DISCUSSION 
The carbohydrase activity of apple fruit was first 
studied in 1931 by Harley ejt aJU They found that apple juice 
could hydrolyze a starch solution* The enzyme was described 
as a diastase-amylase; however, no data were presented in 
this early work* Progress in research on carbohydrate 
metabolism in plant tissues during the past several decades 
has made it clear that more than one amylase is responsible 
for starch degradation* In this study, the data support 
the premise that several enzymes, in addition to a typical 
$v-amylase (85), may function in the degradation of starch 
in apple fruit. 
The data indicate that there are at least two species 
of carbohydrases in apple fruit. One species was unstable 
under low pH condition whereas the other was quite stable 
at a low pH. The typical ©\-araylase is supposedly an acid- 
labile enzyme and such an enzyme has been found in the 
apple (85). The rapid but partial loss of activity observed 
in the present case when the extract was held at pH 3.0 can 
be explained on the basis of the inactivation of the typical 
acid-labile Ov-amylase by the high concentration of H+ ions. 
Howeverj the low pH did not completely des.troy the capacity 
of the extract to hydrolyze limit dextrin; approximately 
40% of the amylolytic activity remaining after the acid treat¬ 
ment. ^-Limit dextrin is a polysaccharide which contains 
0l-(l->4) and ci*-(l-?6) linkage and cannot be hydrolyzed by 
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an exo-amylase working by itself. Therefore, the hydrolysis 
of /3-limit dextrin by the acidified extract can best be ex¬ 
plained by one of the following three possibilities: (1) The 
presence of an C^~glucamyJ.ase (62) which could hydrolyze both 
di“(l—^4) andc£‘( l->6) linkages in the /3-limit dextrin in a 
step-wise fashion, releasing glucose and maltose. (2) The 
presence of an exo-amylase and a debranching enzyme also 
could explain the hydrolysis of P-lim.it dextrin. The de¬ 
branching enzyme would first cleave thetMl—*6) linkage and 
then the exo-araylase could hydrolyze the resulting amylose 
chain and liberate maltose. (3) The presence of an atypical 
endo-araylase, which is stable at a low pH, in contrast to 
the classical (^-amylase, also must be considered. 
The several experiments (e„g., time course, optimal 
temperature, inhibitors study and Sephadex G-200 column) 
conducted in the present investigation suggested that the 
initial hydrolysis of both amylose and P~limit dextrin was 
catalyzed by one enzyme. The reaction products study was a 
critical experiment to determine which enzymes might be in 
the acidified extract. The rapid loss of the iodine-staining 
capacity of the amylose and p-limit dextrin substrates and 
the concomitant production of only oligosaccharides in the 
first hour of incubation clearly indicated that an endo- 
araylase was a very active and important enzyme in the acidified 
extract. This enzyme apparently hydrolyzed the inner linkage 
of the polysaccharide and produced many oligosaccharides which 
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were too short to have iodine-staining capacity. The gradual 
production of maltose after two hours reaction may be due 
to further action of the endo-amylase. If ^-amylase were 
present, even though of low activity, maltose should have 
been detected after the first hour's reaction. Several 
reports indicated that many ^-amylases hydrolyze short chain 
oligosaccharide to maltose and glucose at a slow rate but 
typical o\~amylases exhibit no action on maltose (see review 
86). The fact that glucose was the sole end product after 
3 days incubation with polysaccharide and maltose suggested 
that maltase was another enzyme present in the acidified 
extract which converted the maltose produced by the endo- . 
amylase to glucose. The concurrent appearance of both 
glucose and maltose in the reaction product study strongly 
indicated the presence of a rnaltase-like activity in the 
acidified extract. The heat treatment (50°C for 10 minutes) 
apparently partially destroyed the activity of the maltase. 
The stability of the maltase-like activity at pH 3.0 and 
the fact no isomaltose was detected, suggested that^-gluco- 
sidase, rather than maltase, was responsible for the hydrol¬ 
ysis of maltose to glucose. In general, maltase is very 
sensitive to low pH (68). However, both a low pH (2.7 for 
4 minutes) and heating (50°C for 10 minutes) treatment only 
partially destroyed £v-glucosidase activity in barley malt 
(87). 0^-glucosidase, which may hydrolyze both f\( 1—J4) and 
0l(l-^6) linkages in panose, has also been found in alfalfa 
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and tomato (88). Thus it would appear probable in the present 
case that the acidified apple extract contains an £^~glucosidase 
rather than maltase. Although the probable presence of an 
Cjw-glucosidase could explain the hydrolysis of the d. (1-^6) 
linkages, the relatively low proportion of this type of 
linkage in P-limit dextrin also could account for the failure 
to detect isomaltose on the paper chromatograms (84). Thus, 
there is not any evidence in this study which would either 
indicate or disprove the presence of R-enzyme. However, 
since the data indicate the presence in the acidified ex¬ 
tract of an endo-amylase and an ^-glucosidase, it is not 
necessary' to .postulate an R-enzyme to account for the hydrol- 
ysis of p-limit dextrin. 
All experiments in this study were based on the measure¬ 
ment of reducing power produced from the polysaccharide by 
the enzyme preparation during a one hour incubation. Since 
the end-product analysis indicated that only oligosaccha¬ 
rides were produced in this length of time, presumably the 
activity .measured was due to an endo-amylase. However, 
this endo-amylase was quite different in many respects from 
classical ^sramylase which also occurs in the apple fruit as 
well as in many other plant tissues. The classical (/y-amylase 
is an acid-labile, heat-stable, Ca++-dependent enzyme. The 
enzyme in the present study was stable at a low pH for as 
long as 20 hours. In contrast to classical ^-amylase, Ca++ 
ions did not protect the enzyme from inactivation at 70°C. 
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It is possible that the Ca++ ion is held strongly by the enzyme; 
however, dialysis against EDTA for 24 hours did not affect 
enzymic activity very much* Very high concentration of EDTA 
(10“^M) did cause a 35% inhibition, but this concentration of 
EDTA is much higher than the amount usually required to in¬ 
hibit ck-amylase (89) and could cause a non-specific inhibition* 
The CN" ion, a chelating agent like EDTA, did partially in¬ 
activate the enzyme* At high concentrations of CN~, however, 
inhibition also may be due to an interaction of CN“ with 
essential carbonyl groups in addition to possibly chelating 
Ca++ or some other metal from the enzyme, p-Chloromercuri- 
benzoate and iodosobenzoate, specific for sulfhydryl groups 
such as occur in (^-amylase, did inhibit the present endo- 
amylase* The classical plant ^{-amylase reportedly (89) does 
not depend on sulfhydryl groups and thus this sensitivity to 
these two agents provides another difference* 
Several experiments (Figure 4,6,8,9) suggested that, 
following various treatments, there was a difference in the 
ability of the acidified extract to hydrolyze amylose and 
p-limit dextrin* It appeared that the enzyme was more active 
toward limit dextrin than amylose. The reason for the 
apparent difference between the two substrates may be account¬ 
ed for by at least two possibilities. There is a difference 
between amylose and ^--limit dextrin in structure, shape and 
size; therefore, the activity rate perhaps was related to 
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physical structure of enzyme active site and the relation of 
the active site to the size and structure of substrates. The 
configuration of the active site of the enzyme may be altered 
so as to favor binding p~limit dextrin more than amylose. 
Different treatments (e.g., temperature, pH, and inhibitors) 
could influence the enzyme structure and thus provide a given 
structure which more readily combines with ^-limit dextrin. 
The presence of two enzymes also is a possible explanation. 
These two enzymes would have to be similar in protein size 
and their action pattern but differ in their ability to 
hydrolyze the two substrates; that is, one would have to be 
more active toward amylose and the other ‘more active toward 
/3-limit dextrin. The present data are insufficient to dis¬ 
tinguish between these two possibilities; however, an effect 
of the treatments on binding the substrates to enzyme seems 
most plausible at this time. 
The very slow hydrolysis of native starch granules by 
the enzyme preparation suggested that more than carbohy- 
drases function in the degradation of starch in apple fruit. 
The non-polysaccharide components in the starch crystals may 
make starch resistant to hydrolysis by carbohydrases alone. 
It is possible that the carbohydrases cannot easily enter 
the granular starch to hydrolyze amylose or amylopectin. 
Therefore, the degradation of starch in vivo perhaps involves 
other enzymes in addition to carbohydrases. For example, an 
enzyme may work directly on the starch crystals to digest 
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a contaminative component (e«g,t protein, or lipid) thereby 
making the starch crystals susceptible to attack by the car- 
bohydrasese 
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SUMMARY 
The present study was conducted to characterize some of 
the carbohydrases, in addition to the classic $f-amylaset 
present in apple fruit. Two possible enzymes, one an endo- 
amylase and the other an -glucosidase, have been found in 
the acidified apple extract. 
1. The endo-amylase was similar to the typical c/v-amylase 
in function but different from the typical dvamylase in 
several respects: 
a. The enzyme was stable at a low pH(3.0) for at 
least 20 hours. 
b. Calcium ions did not protect the endo-amylase 
activity against heat inactivation at high (70°C) 
temperatures. 
c. The chelating reagent EDTA did not significantly 
inhibit the endo-amylase which suggests that this 
enzyme, in contrast to the classic calcium depen¬ 
dent ^-amylase , was not a metalloenzyme. 
2. Sulfhydryl group inhibitors, pCMB and iodosobenzoate, 
completely inhibited enzyme activity at high concentrations. 
3* Under certain conditions the endo-amylase was more 
active toward |^-limit dextrin than toward amylose. It appears 
possible that the binding of the two substrates to the enzyme 
may be affected, but this point was not tested. 
4. The £\-glucosidase of apple was similar to the enzyme 
in barley in respect to pH and temperature stability. 
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5® There is no evidence in the present study to indicate 
the presence of ^-amylase and R-enzyme in the acidified apple 
extract® 
6® The enzyme preparation in this study hydrolyzed 
granular starch only very slowly® Therefore, in vivo ad¬ 
ditional enzymes must be required to make the starch granules 
susceptible to hydrolysis by the carbohydrases. 
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